Introduction
============

Spinal and bulbar muscular atrophy (SBMA), or Kennedy\'s disease, is an X-linked, adult-onset, slowly progressive neuromuscular disease characterized by bulbar and limb muscle weakness ([@B1]-[@B3]). SBMA is caused by the expansion of a CAG triplet repeat, encoding a polyglutamine tract, in the first exon of the androgen receptor gene ([@B4]). The testosterone-dependent nuclear accumulation of the polyglutamine-expanded androgen receptor protein is central to its pathogenesis ([@B5]). Although the disease-modifying effect of androgen deprivation therapy has been demonstrated in clinical trials, its long-term effect has not yet been confirmed ([@B6]-[@B8]).

We herein report the clinical course of a patient with SBMA whose serum testosterone levels had been suppressed below the lower normal limit for 14 years.

Case Report
===========

A 41-year-old Japanese man gradually realized that he had mild muscle weakness in both lower limbs. He visited our hospital six months after the onset of subjective weakness. He also had a hand tremor that had developed five years before the onset of muscle weakness. On a neurological examination, the manual muscle strength test results were normal except for mild weakness (Muscle Research Council Scale, 4/5) in the cervical flexor muscle and iliopsoas muscle. Hand tremor and contraction fasciculations were also observed. No abnormal findings were apparent in the sensory system. Tendon reflexes were absent in both lower limbs, and no pathological reflex was present. A genetic test for SBMA revealed 46 CAG repeats (normal: 9-34), and the patient was diagnosed with SBMA.

After being apprised of the potential efficacy and adverse effects of androgen deprivation therapy, the patient agreed to participate in a phase 2 clinical trial of androgen deprivation with leuprorelin acetate, an agonist of gonadotropin-releasing hormone, followed by an open-label trial where he received leuprorelin acetate (registered with UMIN000000474) ([@B6]). The frequency of cells that showed immunoreactivity for 1C2, an anti-polyglutamine antibody, in the scrotal skin was decreased by 78%, from 77.3% to 17.0% following 48-week leuprorelin treatment ([Figure A and B](#g001){ref-type="fig"}) ([@B9]). The patient also participated in a subsequent open-label extension trial in our hospital. Altogether, the patient continued receiving leuprorelin acetate for 7 years with his written informed consent. Upon completion of the extension trial, we explained to the patient that no medication other than rehabilitation and symptomatic treatment had been approved for patients with SBMA. However, he underwent castration at another hospital under private practice, at his own will and cost, without any prior mention to us. His serum testosterone level had been suppressed continuously for approximately 14 years without periods of recovery ([@B10]). During this period, a prospective evaluation was made of his motor function indices, including hand grip strength, 15-foot timed walking test result, the revised Amyotrophic Lateral Sclerosis Functional Rating Scale (ALSFRS-R), Limb Norris Score (LNS), and Norris Bulbar Score (NBS), as well as biochemical parameters, as a part of our observational research. This research had been approved by the ethics committee of Nagoya University, and we obtained written informed consent from the patient as well.

![Changes in the nuclear accumulation of mutant androgen receptor in scrotal skin and longitudinal changes in serum testosterone levels, motor function indices, and their approximation straight line using the least squares method in consideration of disease duration. (A, B) The mutant androgen receptor accumulation in the scrotal skin of the patient before and 12 weeks after leuprorelin treatment. Bar=25 μm. (C) The serum testosterone level, (D) Grip strength, (E) 15-foot timed walking, (F) ALSFRS-R, (G) Limb Norris score, (H) Norris bulbar score. ALSFRS-R: revised Amyotrophic Lateral Sclerosis Functional Rating Scale](1349-7235-58-2231-g001){#g001}

The serum testosterone levels had been kept below the reference value since the patient started receiving leuprorelin treatment ([Figure C](#g001){ref-type="fig"}). The rate of decrease in grip strength per year was 0.45 kg, which was 73% lower than the result shown by a longitudinal study of the natural history of patients with SBMA ([Figure D](#g001){ref-type="fig"}, [Table](#t001){ref-type="table"}) ([@B11]). The 15-foot timed walking test demonstrated that the patient\'s gait ability had been maintained throughout the observation period ([Figure E](#g001){ref-type="fig"}). The patient also maintained high functional scores in the ALSFRS-R, LNS, and NBS ([Figure F-H](#g001){ref-type="fig"}). The changes in biochemical parameters were as follows: serum creatinine, 0.5 to 0.33 mg/dL (normal 0.6-1.1 mg/dL); creatine kinase, 394 to 483 U/L (normal 45-245 U/L); aspartate aminotransferase, 55 to 49 U/L (normal \<41 U/L); alanine aminotransferase, 109 to 76 U/L (normal \<45 U/L); total cholesterol, 247 to 275 mg/dL (normal 120-220 mg/dL); and hemoglobin A1c, 7.3% to 5.7% (normal 4.9-6.0%).

During the observation period, the patient complained of decreased libido. However, serious events, such as falls, bone fractures, and pneumonia, did not occur.

Discussion
==========

To our knowledge, this is the longest follow-up to date of a patient with SBMA whose serum testosterone level had been suppressed below the lower normal limit. The progression rate of motor dysfunction evaluated with quantitative outcome measurements was slower than that of controls reported in previous studies ([Table](#t001){ref-type="table"}) ([@B11],[@B12]), suggesting long-term disease modification by androgen deprivation.

###### 

Comparisons between Annual Changes in the Present Case and Those Reported in Natural History Studies.

                       Annual changes of outcome measures              
  -------------------- ------------------------------------ ---------- -------
  Grip strength (kg)   -1.7±3.0                             N/D        -0.45
  Timed walking (s)    +1.00±3.37                           N/D        +0.00
  ALSFRS-R             -1.1±0.9                             -0.7±0.3   -0.3
  Limb Norris Score    -2.2±1.6                             -0.5±0.3   -0.2
  Norris Bulbar Sore   -1.0±0.9                             -0.7±0.4   -0.0

Historical control \#1, Reference 11 and Historical control \#2, Reference 12 are described in the table. ALSFRS-R: revised Amyotrophic Lateral Sclerosis Functional Rating Scale

Several side effects of androgen deprivation therapy, such as hot flashes and sexual dysfunction ([@B13]), increased risks of fracture ([@B14]), metabolic syndrome ([@B15]), and thromboembolic events ([@B16],[@B17]), have been reported in patients with prostate cancer. However, for patients with SBMA, it is difficult to clearly distinguish the symptoms associated with SBMA from the adverse effects associated with androgen deprivation therapy because patients with SBMA often have partial androgen insensitivity due to androgen receptor gene mutations ([@B5]). In the present case, the patient had mild sexual dysfunction but did not develop serious diseases, such as myocardial infarction, during the observation period.

Clinical trials of disease-modifying therapies for neurodegenerative diseases frequently exhibit poor efficacy despite early success in animal models ([@B5]). Early intervention before irreversible changes occur in the structure or function is thought to be key to the success of disease-modifying treatments in neurodegenerative diseases ([@B18]). In the present case, the initiation of androgen deprivation therapy from the very early stage of the disease (six months from the onset of muscle weakness) might have been one reason for the slow progression of the disease.

In cases of slowly progressive neurodegenerative diseases, such as SBMA, the long-term observation, which is difficult to accomplish in clinical trials, is required in order to detect the efficacy of disease-modifying therapies. In the present case, we conducted a prospective evaluation of the motor function indices of a patient whose serum testosterone level had been suppressed below the lower normal limit for 14 years. Although such long-term observation will likely aid in evaluating the efficacy of surgical castration in patients with SBMA, we believe that similar cases will not occur in Japan because leuprorelin acetate, which shows an androgen deprivation effect equal to that of surgical castration, has already been approved as a new treatment for patients with SBMA by the Pharmaceuticals and Medical Devices Agency ([@B7]). We do not recommend castration be performed in patients with SBMA because castration has not been confirmed to have medical efficacy and safety. Further studies will be required to confirm the long-term and real-world efficacy of leuprorelin acetate in the early stages of SBMA.
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